Voice quality changes with age. In many cases, these voice changes result in a lower quality of life. Because one way of identifying these voice quality changes is through perceptually estimating talker age, correlations made between estimated talker age and acoustic analysis can provide insight to the possible physiological degeneration related to vocal function. While most perceptual studies investigating estimated talker age are cross-sectional, a longitudinal study of single speakers could provide additional details in the progressive degeneration of the voice quality. Nevertheless, one limitation of these studies is that perceptual ratings of voice quality or talker age in a longitudinal study could be biased by recording quality. Further, the spectral qualities of recordings from earlier decades are limited by the technology used. In this paper, a spectral-normalization filter was developed and applied to a corpus of recordings from an individual spanning about 50 years (1959 -2007) to reduce this impact of these limitations. The filter was shown to be effective in normalizing the autospectra of the recordings and the fundamental frequency was unaffected by the filter. Preliminary subjective analysis suggests that the recording quality of all the files were perceptually similar.
INTRODUCTION
Laryngeal tissues and voice quality change with age, often resulting in a lower quality-oflife. One study showed that more than 50% of the surveyed members of the geriatric population had impaired quality-of-life as a result of their voice (Golub et al. 2006) . Since perceptual estimations of talker age is one way of identifying voice quality changes, correlations between estimated talker age and acoustical analysis may provide insights into possible physiological degeneration related to vocal function. Although studies investigating estimated talker age have been traditionally cross-sectional in design, a longitudinal study can provide additional key details related to the progressive degeneration of voice quality (Hunter et al. 2012 ). However, a longitudinal sample of recordings used in perceptual ratings of voice quality or talker age could be biased by improvements in recording quality as recording equipment has evolved. Therefore, an approach to offset this limitation needs to be developed. In this study, a spectralnormalization filter was developed and applied to a corpus of recordings from an individual spanning nearly 50 years (1959 -2007) .
EXPERIMENTAL METHODS
Spectral-normalization filters were developed to remove recording bias in subjective estimation of talker age. A comparison of the autospectra of the filtered recordings was used to validate the normalization. Additionally, conventional speech parameters were computed and compared across the different filters to investigate the effects of the filter on acoustic measures of dysphonia.
Prior to applying the spectral-normalization filter, all the recordings were amplitude normalized and bandpass filtered between 80 Hz and 5 kHz. The filters were designed in MATLAB® to shift spectral amplitudes of individual recordings relative to a reference spectrum. The average spectrum from recordings from 1959 was used as the reference recording. The procedure for spectral normalization is as follows:
a) The autospectra of the reference recordings were averaged to obtain the reference autospectrum, . The autospectrum calculation used 1024 samples per block. b) An amplitude transfer function between each of the recordings from 1959 to 2007 and the reference autospectrum was obtained by ( ) = √ ( ) ( ) ⁄ , where ( ) is the transfer function and is the autospectrum of the recording being analyzed. The transfer function was made two-sided and interpolated to be the same length as the individual record being normalized. c) The Fourier spectrum, ( ), of the recording to be normalized was obtained using MATLAB's function, fft.m. d) A normalized Fourier spectrum for the recording was calculated as ( ) = ( ) ( ). e) Finally, a new wave file was written using the inverse-fast-Fourier transform of the spectrum, ( ) = ( ( )).
RESULTS
The filtering method was validated through changes in the autospectrum resulting in normalized or amplitude-similar autospectra. Figure 1 shows the reference spectrum ( ). Figure 2 shows the autospectra for the original, filtered segmented recordings (filter relative to the average of all recordings), as well as the reference autospectrum, , for the 2007 recordings. In this Figure, it was observed that the spectral shape remained consistent after the filtering, although the amplitudes were adjusted so that they were more similar to the target filter. An investigation of the speech-acoustic parameters shows that the core temporal speech parameters remained unchanged. One example is in fundamental frequency. Figure 3 illustrates that the fundamental frequency of the original segmented recordings and the three filters are nearly identical. Further analysis showed that a linear fit of the fundamental frequency plots had a positive slope, which is consistent with previous work by Hunter et al. (2012) . Preliminary subjective analysis by the research team suggests that the filters were effective in normalizing the effects of recording equipment. It was found that the filter referenced to 1959 had the least amount of artificial noise.
CONCLUSIONS
While longitudinal sample of recordings provide key insights into how a voice changes over time, improvements in recording quality over time might affect the results. Therefore, the current study developed spectral-normalization filters to remove such recording bias. As seen by a comparison of the spectra, the developed filter was effective in amplitude normalizing the spectrums of the recordings used for subjective estimation of talker age. Speech-acoustic analysis resulted in changes of spectral character, but not periodicity character (as seen in a consistent fundamental frequency). This suggests that filters did not change core characteristics of the speech sound but accounted for spectral differences in recording equipment.
Preliminary subjective analysis suggests that the recording quality of all the files were perceptually similar. The filtered recordings will be implemented in a future more exhaustive study estimating talker age. One limitation of the current study is that the filtered recordings still have differences in background noise and reverberation. The filter also added additional artificial noise because of the signal processing. Further work will try to account for this added noise.
